Introduction and Objectives. Baclofen is a drug used mainly to treat muscle spasticity. Its overdose can lead to lifethreatening clinical symptoms, including acute respiratory failure requiring mechanical ventilation. The aim of this study was to assess the prevalence of selected clinical symptoms associated with baclofen poisoning comparing to an ingested dose. Materials and method. 60 cases of oral baclofen poisoning were analyzed. Gender, age distribution, and correlation between the dose of ingested baclofen were studied, as well as and following clinical parameters: degree of altered consciousness, heart rate, blood pressure, presence of acute respiratory failure, duration of mechanical ventilation, and presence of psychotic symptoms. Results. The study found statistically significant correlations between dosage of ingested baclofen and presence of acute respiratory failure, as well as duration of mechanical ventilation. No statistically significant correlations were found between the dose of ingested baclofen and presence of hypertension, bradycardia, acute psychotic symptoms, or level of consciousness disturbance. However, it was found that patients who suffered from hypertension, bradycardia, and altered mental status ingested a larger dose of baclofen. Conclusions. There is a statistically significant correlation between the dose of ingested baclofen and the presence of acute respiratory failure, and duration of mechanical ventilation. Patients who have taken a single dose of baclofen of 200 mg, or higher, should be managed in centres able to provide continuous monitoring of life functions. Those with a higher level of a single dose of baclofen ingestion (>500 mg), should be hospitalized in a Toxicology Unit or Intensive Care Unit able to provide airway support and mechanical ventilation.
INTRODUCTION
Baclofen (p-chlorophenyl-gamma-hydroxybutyrate) is an analog of γ-hydroxybutyric acid (GABA), an agonist of GABA B receptors. It reduces muscle spasticity by inhibiting neurotransmission in the brain and spinal cord. The drug is used in the treatment of many neurological disorders causing increased muscle spasticity, such as multiple sclerosis, brain, and spinal cord injuries [1] .
A daily oral dose of baclofen is determined individually and is usually 30-75 mg/day. The drug is rapidly absorbed from the gastrointestinal tract, reaching peak plasma concentrations after 2 hours. 30% of the drug is bound to plasma proteins and is partially metabolized in the liver (10-15%) and then removed by the kidneys [2, 3, 4] .
Presently, baclofen in relatively high dose is used in the management of alcohol dependence and withdrawal syndrome [5, 6] . Recreational use of baclofen as a psychoactive substance has also been reported [7, 8] .
OBJECTIVE
The aim of the study was to assess the relationship between the ingested dose of baclofen and selected clinical symptoms. According to the best of the authors' knowledge, this study is the largest to-date concerning baclofen poisoning.
MATERIALS AND METHOD
The study involved 65 patients with acute oral baclofen poisoning who were treated in Toxicology Center in Gdansk, Poland, between 1996 Poland, between -2004 Poland, between and 2009 Poland, between -2012 . 60 patients -42 women and 18 men, aged 14-58 (mean 22) years, were involved in the statistical analysis. Five patients were excluded from the study: 3 patients with hypotension, 1 patient who ingested an extremely high dose of baclofen (5000 mg), and 1 patient who had supraventricular tachycardia.
The dose of ingested baclofen were determined based on patient's anamnesis, interview with the family and empty packages of drugs. All analyzed patients were intoxicated only with baclofen. The following were analyzed: level of altered mental status defined by the Matthew-Lawson coma scale (0-IV), heart rate (bradycardia <60 beats/min, tachycardia >100
beats/min), blood pressure (hypotension <90/60 mmHg, hypertension >140/90 mmHg), presence of acute respiratory failure (ARF), duration of mechanical ventilation (DMV), and presence of acute psychotic symptoms. ARF was defined as airway obstruction, need of intubation, respiratory rate <10 breaths/min, PaO 2 <60 mmHg (with oxygen supply), PaCO 2 >50 mmHg.
In order to identify relationships between the dose of ingested baclofen and clinical symptoms, 2 statistical models were used: Generalized Regression Model and Analysis of Variance model.
Retrospectively, all patients gave informed consent to participate in the study.
RESULTS
The studied group comprised 60 patients -42 women aged 14-58 (mean 31) years and 18 men aged 15-53 (mean 26) years. The age of patients in the entire group ranged from 14-58 (mean 29) years. Female to male ratio was 70:30%. The dosage of ingested baclofen ranged from 50-1,500 (mean 435) mg. Among the females, the dosage was from 50-1,500 (mean 408) mg, and among the males from 200-1,500 (mean 498) mg.
Collected data showed a statistically significant correlation between the dose of ingested baclofen and the presence of ARF in both groups. Figure 1 presents the relationship between the presence of ARF and the dose of ingested baclofen. ARF was observed in 24 patients (40% of cases) -13 women and 11 men, all of whom needed endotracheal intubation. The mean dose of ingested baclofen in the group with ARF was 612.5 mg, while in the group without ARF -316 mg.
Mechanical ventilation was required in 21 (35%) patients -10 women and 11 men. Figure 2 shows the correlation between the dose of the drug and duration of mechanical ventilation (DMV). Every 100 mg of ingested baclofen increased DMV, on average, for 3.43 hours. Figure 3 shows the mean values of ingested baclofen and the depth of coma as defined by the Matthew-Lawson scale (0-IV). A statistically significant correlation was observed between the dose of baclofen and advanced IV degree of coma in the females, but not in the group of males. It was also noticed that the average dose of baclofen in the group of patients with IV degree of coma was significantly higher than that in the group of patients with 0-III degree of coma (625 vs. 340 mg). Trends between the dose of ingested baclofen and the depth of coma are illustrated in Figure 4 . This suggests the existence of a general correlation, but the size of the presented sample does not allow a clear confirmation of this hypothesis.
Bradycardia was observed in 24 (40%) patients -14 women and 10 men. There was no statistical correlation between the dose of the drug and bradycardia; however, mean doses were higher in the group of patients with bradycardia than in the group with normal heart rate (556 vs. 354 mg). With the exception of one patient with supraventricular tachycardia, which was excluded from statistical analysis, no other subjects with tachyarrhythmia were observed.
Hypertension was noticed in 21 (35%) cases of baclofen intoxication -15 women and 6 men. When gender was 
considered, a correlation was observed between the dose of ingested baclofen and hypertension only in the group of women. Alternatively, male patients experienced hypertension at lower doses of the ingested drug. However, a statistically significant correlation was found between the dose of admitted baclofen and hypertension, and the presence of ARF symptoms for both the male and female groups. These relationships are illustrated in Figure 5 .
Psychosis was observed only in 8 (13%) cases -4 women and 4 men. According to the presented data, presence or absence of psychosis did not correlate with the dose of ingested baclofen.
DISCUSSION
Peaslack first reported oral baclofen poisoning in 1972 [9] . Since then, there have been several cases or case series involving up to 23 patients [1, 7, 10, 11, 12, 13] . Presently, the rate of baclofen intoxications has increased [12, 13] , mainly because of its off-label use in alcohol dependent patients who much more often perform suicidal attempts [12] .
The most common clinical symptoms of baclofen overdose include altered level of consciousness, coma, acute respiratory failure, cardiac arrhythmias, and hypertension [1, 7, 10] . Although fatal outcomes are rare, some authors suggest that such poisonings are more severe than other overdoses, and life-threatening complications are more common [11, 13, 14] . Pommier et al. revealed that baclofen poisoning patients had longer DMV and ICU stay, compared to non-baclofen poisoning cases [13] .
Plasma concentration correlates with the severity of baclofen poisoning, especially in the first day, and might be useful in making a decision concerning admission to a Toxicological or Intensive Care Unit providing more aggressive treatment, including mechanical ventilation or an extracorporeal elimination method [7] . On the other hand, several authors have noted that measurement of baclofen blood level in the late stage of intoxication might be misleading, because clinical symptoms may be present despite subtherapeutic level of baclofen [7, 8] . This is probably due to its lipophilic properties, and penetration of the drug into the brain tissue [15] . Unfortunately, in the majority of Polish and European hospitals, there is no quick assessment method to analyze the baclofen plasma concentration.
Clinicians have observed that the dose of ingested baclofen might, to some extent, be a relatively good factor which can help to make decision about the place and method of treatment of baclofen intoxicated patients. Pommier et al. noticed that this poisoning correlate with the ingested dose of drug [13] . Leung et al. assumed also that clinical symptoms of intoxication might be more (dose of baclofen >200 mg) or less serious (dose of baclofen <200 mg), depending on the dose ingested by the patient [10, 13] .
In the presented study, ARF, which is a clinically very important factor, had the strongest correlation with the dose of baclofen. Leung et al. also showed the important relationship between the dose of ingested baclofen and the presence of ARF [10] . In his study, 7 of 13 patients who ingested at least 200 mg of baclofen required mechanical ventilation. In the current analysis, ARF was observed even with relatively minor doses. It is important that mechanical ventilation is used in all cases of poisonings of at least 500 mg of baclofen. Also, DMV correlated with the dose of drug. With each 100 mg of ingested baclofen, mechanical ventilation was prolonged for approximately 3.43 hours. Other analyzed correlations were not as strong. However, in the current study, a statistically significant correlation was observed between hypertension and dose of ingested baclofen in the group of women. Leung et al. observed hypertension in 69% of cases who ingested a higher dose (>200 mg) of baclofen, but they did not analyzed the gender [10] . On the other hand, Franchitto et al. reported hypertension in only 4 of 12 cases [12] .
Although bradycardia did not correlate with the dose of ingested baclofen, it could be a helpful diagnostic sign which was observed in 40% of all cases in the presented study.
Coma was a frequent occurrence in the group of patients who ingested a high dose of baclofen. There are a few cases reported in the medical literature where coma and areflexia were presented to such an extent that brain death was suspected untill the time baclofen poisoning was diagnosed [16] . In the current study, no statistically significant correlation was found between the dose of ingested baclofen and grades of Matthew-Lawson coma scale. The authors of the current study are in agreement with Leung et al., that severe alteration of consciousness is more frequent in the group of patients who ingested high dose (>200 mg) of baclofen [10] . Pommier et al. noticed in their group low Glasgow Coma Scale in a baclofen poisoning group, but he did not compare it with the dosage of baclofen [13] .
In the presented study, psychosis was a rare (13%) symptom of poisoning, and did not correlate with the dose of the ingested drug. Perry et al. also found no correlation between the ingested dose, nor the concentration of baclofen in the blood and the presence of psychosis. Psychosis was observed late in the course of intoxication and also occurred when the blood level concentration was even below therapeutic levels [7] .
Leung et al. reported delirium in 62% of his patients who ingested a high dose (>200 mg) of baclofen [10] . In the opinion of the authors of the current study, however, acute psychosis after baclofen poisoning does not depend on its dose, and it is rather a 'withdrawal' symptom. Therefore, chronic baclofen therapy, for example, should not be discontinued abruptly, as rapid cessation may lead to development of severe withdrawal symptoms [1, 17, 18] . Treatment of baclofen intoxication is mainly supportive. The patients in the presented study were successfully treated with gastric lavage, charcoal, intensive supportive treatment, and mechanical ventilation. Antidotes like flumazenil and/ or physostigmine are not very effective for baclofen overdose [19, 20] . Atropine can normalize heart rate in the case of bradycardia [21] . There are conflicting reports regarding baclofen elimination and its half-life time [9, 11] . According to Ghose et al., baclofen plasma half-life time is 3.5 hours in therapeutic doses, and in the case of overdose, there is a 5-fold increase of plasma half-life [9] . In patients with endstage renal disease (ESRD), the half-life of baclofen is also significantly increased, even with therapeutic doses [4, 22] . Hemodialysis in such patients resulted in a good clinical outcome [4, 22] . Clearance for baclofen in patients who underwent intermittent haemodialysis (iHD) varied between 0.195/h -0.336/h [4, 23, 24] . The use of iHD in patients with renal failure is considered the treatment of choice. Presently, there are encouraging reports of the use of haemodialysis in baclofen poisoning patients with normal renal function [24, 25] . Further research should focus on extracorporeal baclofen elimination methods, and utility of determination of baclofen plasma concentration.
CONCLUSIONS
There is a statistically significant correlation between the dose of ingested baclofen and the presence of acute respiratory failure, and duration of mechanical ventilation. Patients who have taken a single dose of baclofen of 200 mg, or higher, should be managed in centres able to provide continuous monitoring of life functions. Those with a higher level of a single dose of baclofen ingestion (>500 mg), should be hospitalized in a Toxicology Unit or ICU able to provide airway support and mechanical ventilation. 
